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[57] ABSTRACT 
An instrument for forming nanometric features on sur 
faces of materials having a motor driven support for 
moving a workpiece on an X-Y-Z axis, a scribing tool of 
nanometric proportion engagable with the workpiece 
and a laser system for sensing movement. The tool is 
mounted on piezoelectric actuating means and the en 
tire system is under the control of a programmed com 
puter processing unit. 

2 Claims, 1 Drawing Sheet 
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APPARATUS FOR FORMING NANOMETRIC 
FEATURES ON SURFACES 

This invention was made with government support 5 
under contract Number Fl9628-90-C-0002 awarded by 
the Air Force. The government has certain rights in the 
invention. . 

BACKGROUND OF THE INVENTION 10 

The future of modern day technology and particu 
larly computer technology demands smaller, faster and 
more reliable electronic devices. Unfortunately, simply 
extending existing technology by forming devices hav 
ing smaller dimensional features presents limitations. 
Once feature sizes of electronic devices pass below 100 
nm (nanometers), a fundamental shift in operation can 
be expected due to quantum mechanical effects. At 
these nanoscale dimensions, quantum interference ef 
fects will dominate. However, conventional device 
technology has not yet attained nanoscale features in 
which quantum effects dominate. 
Yet quantum interference devices (QIDs) continue to 

receive serious attention because of their potential for 
unique transistor devices with excellent power delay 25 
products. Some QID structures could be turned on 
optically to circumvent the RC time constant and car 
rier lifetime limitations. For such devices, switching 
times of one picosecond and power delay products of 
200 f] (femto Joules) are predicted. 
Quantum well structures have been widely demon 

strated in thin planar structures. Quantum wires and 
dots require the fabrication of nanoscale features onto 
these planar structures. To date, researchers have fabri 
cated features as small as 100 nm by lithographic tech- 35 
niques. However, because of the large amount of time 
required to form a feature, such lithographic techniques 
are generally unsuitable for large scale fabrication of 
nanoscale features. 
One significant problem related to the fabrication of 

nanoscale features in surfaces of materials is process 
induced damage to the underlying region of the mate 
rial. For example, process induced damage in semicon 
ductors is a source of great concern. Recent studies 
indicate that what has been viewed as subsurface dam 
age can be attributed to secondary effects such as inho 
mogeneous surface contamination. Other studies have 
shown that an inhomogeneous oxide can lead to irregu 
lar etching of a semiconductor surface which had been 
previously attributed to subsurface damage. 

Mechanical material removal processes generally can 
be reduced to an energetics argumentf In “Ductile 
Regime Grinding of Brittle Materials,” by T. G. Bifano, 
SPIE, Vol. 966 (1988), it was found that material re 
moval from a surface of a material fundamentally 
changes as the volumetric removal rate is decreased. 
The energy required for brittle fracture (Ef) of the 
material is: 

where, 
G=the Griffith crack propagation parameter and 
Af=the area of the new surface created. 

The energy required for plastic deformation (E,,) of the 65 
material is: 
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where, 
ay=the yield stress and 
Vp=the volume of material to be plastically de 

formed. Since VP is proportional to d3 and A] is 
proportional to d2, where dis a distance related to 
removal depth, then Ep is proportional to d3 and Ef 
is proportional to d2. Therefore, as the depth (d) of 
the material removal process is reduced, the energy 
required for brittle fracture (Ef) becomes greater 
than the energy required for ductile material re 
moval (Ep). Once this condition occurs, the mate 
rial removal shifts from brittle to predominately 
ductile material removal. This behavior has been 
con?rmed in grinding studies on GaAs and InP 
(see Journal of Elec. Chem. Soc. Vol. 138, p. 1826, 
(1991)). 

By convention, researchers have assumed that the 
depth of subsurface damage resulting from material 
removal processes such as lapping, grinding or polish 
ing is roughly equal to the diameter of the grit. How 
ever, a study on silicon conducted at Uppsala Univer 
sity has shown an exponential decrease in subsurface 
damage as grit size is reduced (see “Micromechanical 
Properties of Silicon,” by S. Johansson, 1988). In the 
study, it was shown that when the grit size was reduced 
to 3 microns, the depth of subsurface damage was con 
?ned to 50 nm. At grit sizes of 50-70 nm no damage 
could be measured by cross-sectional transmission mi 
croscopy (T EM). In a study of erosion rates on silicon 
and gallium arsenide surfaces, these same researchers 
claimed to observe an elastic material removal process. 
It is to this general problem that the present invention is 
directed. 

SUMMARY OF THE INVENTION 

The present invention resides in a method and appa 
ratus for forming nanometric features on surfaces of 
materials while minimizing subsurface damage. A 
workpiece such as a semiconductor wafer or layer com 
prising silicon or gallium arsenide is supported for 
movement on conventional X-Y-Z axes. Motion may be 
imparted along all three of the axes, one or two at a 
time, or all three simultaneously. To scribe the surface 
of the workpiece in predetermined patterns, the scribing 
is controlled piezoelectrically during the process. Infor 
mation indicative of the motion along the X-Y-Z axes is 
detected and processed. Corrective motion is then ap 
plied in nanometric increments in accordance with the 
processed information. 
During the process, surface con?gurations of the 

workpiece are also detected to further adjust the scrib 
ing of the surface of the workpiece. 
The above-described process may be carried out with 

equipment hereinafter to be described in greater detail, 
and capable of being controlled to produce motions of 
nanometric proportions in predetermined patterns. 
Such equipment includes a support for moving _a work 
piece of on the X-Y-Z axes. The movement is provided 
by primary controllable motors. A laser system is em 
ployed for sensing the movement along the X-Y-Z axes. 
The scribing tool comprises a diamond or other 

equivalent material having an effective working tip of 
nanometric proportions. The tool is engagable with the 
surface of the workpiece and is mounted on piezoelec 
tric actuating means so as to be controllable to ?ner 
tolerances than that provided by the primary motor 
means for producing motion on the X-Y-Z axes. 
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A computer processing unit is employed for receiv 
ing signals from the laser system and, in accordance 
with predetermined programming, sends signals back to 
the primary motor means as well as the piezoelectric 
actuating means in closed loops such that the tool im 
parts nanometric surface features to the workpiece in 
patterns which have been previously programmed into 
the computer. 
A probe may be operatively connected to the com 

puter processing unit to detect surface con?gurations in 
the workpiece also for initiating changes in the opera 
tion of the piezoelectric actuating means. 
The above and other features of the invention includ 

ing various and novel details of construction and combi 
nation of parts will now be more particularly described 
with reference to the accompanying drawings and 
pointed out in the claims. It will be understood that the 
particular method and apparatus for forming nanomet 
ric features on surfaces embodying the invention are 
shown by way of illustration only and not as a limitation 
of the invention. The principles and features of this 
invention may be employed in varied and numerous 
embodiments without departing from the scope of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic perspective view of an instru 
ment for forming nanometric features on the surface of 
materials. 

DETAILED DESCRIPTION 

The instrument seen in FIG. 1 has a workpiece W 
such as a semiconductor crystal of silicon or gallium 
arsenide mounted on a support 2 for movement along 
conventional X-Y-Z axes. Movement for the support is 
provided by three primary controller motors which 
may be either linear or rotary and designated 4X, 4yand 
42, respectively. The motors are connected electrically 
to a computer processing unit (indicated CPU) which is 
preprogrammed to direct the forming of the features as 
well as to process information supplied to it during the 
operating process and to send signals back to the scrib 
ing device. 
A tool 6 such as a diamond having a working tip 8 

diameter in the general range of 10 nanometers is 
mounted as, for example, by a rod 10 on a piezoelectric 
motor device 12. The motor 12 is constructed to pro 
duce motion also on X-Y-Z axes of nanometric propor 
tions and is oriented to parallel the axes of the support 
2. It is operatively connected to the computer process 
ing unit. 
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4 
Three laser source means Ly, Ly, Lz, are appropri 

ately mounted to project beams on mirror surfaces MX, 
My, M2, in the direction of the arrows. The beams are 
re?ected by the mirror surfaces into detectors DX, Dy, 
Dz which, thus, detect motion of the support 2 and, 
hence, the workpiece W along the X, Y and Z axes. It 
will be understood that the laser detection system for 
detection motion from the Z axis comprising the laser 
source Lzand the detector Dz, while shown operating 
against the vertical surface Mz, are positioned to actu 
ally detect vertical motion. 
The detectors, sensing motion, convert the informa 

tion to electric signals which are fed into the computer 
processing unit CPU. Based upon the motion so de 
tected, the computer sends back to the motors 4X, 4Y 
and 42 any corrective motion necessary to permit the 
tool 6 to carry out the scribing pattern for which the 
computer was preprogrammed. 
A high precision stage detector in the form of, for 

example, an atomic force probe 20, is mounted to detect 
surface con?gurations in the workpiece W and is opera 
tively connected to the computer to send signals repre 
senting the various aspects of the surface con?guration. 
This information is also processed in the computer. The 
computer, upon processing the incoming signals from 
the atomic force probe, sends out signals to the piezo 
electric actuating means 12 to produce relative motion 
between the tool 6 and the workpiece W of nanometric 
proportions. 
We claim: . 

1. An instrument for forming nanometric features on 
surfaces of materials comprising: 

a support for moving a workpiece on X-Y-Z axes; 
motor means for imparting movement to the support; 
a laser system for sensing movement on the X-Y-Z ' 

axes; 
a scribing tool of nanometric proportions engagable 

with the workpiece; 
piezoelectric actuating means mounting the tool for 
movement relative ‘to the workpiece; and 

a computer processing unit for receiving signals from 
the laser system and programmed to control the 
motor means and the piezoelectric actuating means 
in closed loops such that the tool imparts nanomet 
ric surface features to the workpiece in prede?ned 
patterns. 

2. An instrument according to claim 1 wherein a 
probe connected to the computer processing unit de 
tects surface con?gurations in the workpiece for initiat 
ing changes in the operation of the piezoelectric actuat 
ing means. 
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